Introduction
The growing popularity of services based on a multimedia content has brought tremendous development of multimedia devices, applications and transmission technologies, especially for video streaming. These changes entailed the need for a different look at the issue of how to manage real-time transmission on the Internet. Solutions commonly used up to now relied on static rules defined for a given class of network traffic. They provide a certain level of guarantee of QoS (Quality of Service) parameters during the forwarding of packets along the data transmission path. One example of this approach is well known and widely used DiffServ architecture [3] . Unfortunately, this solution as well as other currently used do not take into ac- These include: better utilization of transmission links, the possibility of using the existing HTTP (Hypertext Transfer Protocol) infrastructure, a simpler implementation of adaptation mechanisms leading to improved perceived video quality by the end-users [11, 15] .
Unfortunately, even using SVC encoding in DASH systems, a few problems remain unsolved. In this article we focus attention on one of them, which can be defined as the task of identifying the structure of SVC stream that would provide the best quality of delivered video content.
According to information presented above, in case of DASH/SVC systems, the process of adaptation is based on the hierarchical structure of the SVC stream. Thus,the DASH client may select between video representations which differ in the number and type of layers. However, this choice has important limitations. The first arises from the fact that the selection process must take into account the existing dependencies among layers. The second restriction is directly related to the quality gradation of the final video stream that is formed by removing the individual layers. Thus, in the event of congestion (temporary changes in network status), it is necessary to use a mechanism of DASH adaptation. By using the SVC coding, the adaptation is to download another representation of video which provides the least possible reduction in the perceived quality of content received by the DASH client. As a result, competition between streams is reduced to a minimum. Also, it indirectly reduces the disadvantage of unfair distribution of access Above conclusions show that the precise gradation of quality ( and thus bit rates) for redundant video representation has influence on perceived video quality and indirectly on fairness in DASH systems.
H.264/SVC in DASH systems
The principles of SVC video encoding offers a potential opportunity to introduce a new level of adaptation. This is possible thanks to a hierarchical structure of SVC video stream. It includes a base layer and a certain number of thereby to obtain better video quality [7, 11] . The hierarchical structure of SVC bit stream is presented in Fig.1 .
Removing the given enhancement layers lead to creation a new SVC structure. This new structure may be regarded as an independent, new representations of video content available on the DASH server. In this way, the process of layers selection could become a part of the DASH adaptation process.
Gradation of video quality in SVC based systems
The H.264/SVC coding provides three types of scalability: temporal, spatial and quality (SNR), respectively. Grain Scalability (CGS) and the Medium Grain Scalability (MGS) [7] . In the case of cooperation between DASH standard and SVC coding, the MGS approach seems to be particularly promising. This implementation splits each SNR enhancement layer into several sublayers (MGS layers) [5] and thus allows to obtain finer granularity of the video quality.
The proposal of the T-P method
Based on the hierarchical structure of SVC streams, the process leading to the definition of quality gradation can be described as a process of elimination of certain enhancement layers. Thus, each newly formed video stream will have a different structure. Any such a single structure is often called as a OP (Operation Point). Typically, OPs are defined at the level of single GOP (Group of Pictures) [4] . In this subsection we present the approach that we called the Temporal Preservation method (T-P). This method allows to determine the rules for defining the set of OPs which take into account the perceived quality of the SVC video. The assumptions of the T-P method are as follows:
• A stream of the SVC video is encoded using temporal and quality scalability. It was also assumed that separate representations of video content of different resolution are available on the DASH server.
These representations are compatible with the typical technical standards of video receivers. This allows for adjustment of the offer of video streaming services to the specific audiences and easily adapt to new standards, for example UHDV (Ultra High Definition Video). This approach also avoids the adverse effects of which were mentioned above.
• It is preferred to update the OP by removing SNR enhancement layers for all temporal layers. All OPs defined according to the T-P method must contain all temporal layers. In other words, the T-P method assumes that for each temporal layer (T0, T1, T2 ....
Tn) at least a basic quality layer (SNR0) is available.
Adoption of this assumption allows to minimize the impact of methods on video smoothness and hence to avoid the significant deterioration in the quality of streaming content.
These assumptions lead to determine the schema of defining OPs within a single GOP of the SVC stream. should protect the data contained in the layers associated with the temporal scalability. By following these rules, the functioning of the T-P method can be defined. The set of OPs for the SVC video stream containing three temporary layers and four SNR layers is presented in Fig. 3 .
The proposed T-P method ensures that in the worst case, the decoder has at least SNR0 data for each temporal layer. This keeps the high level of video smoothness.
We have also conducted the subjective assessment of the impact of the removal of the successive temporal layers on the perceived video quality, The results unquestionably confirm the negative impact of such actions, particularly for video containing a lot of dynamic scenes, eg. sports events. In summary, the proposed T-P method, by removing successive SNR layers, gives the ability to define the set of OPs. The internal structure of the GOP for OP5 and OP9 is shown in Fig. 4 . 
The assesment of the T-P method
In order to verify the characteristics of the proposed T-P method, we used the "Elephants Dreams" video sequence (1080p, 24 f/s) [9] . The video was encoded using the ref-
erence software JSVM (Joint Scalable Video Model) [10] .
We have prepared three SVC video files with resolutions 1080p, 720p and 360p, respectively. In the encoding process the Profile High was used [7] . GOP and IDR (Instan- 
The usefulness of the T-P method in DASH systems
To confirm the above mentioned observations, we evaluated the usefulness of the T-P method in the test environment. The structure of test network is illustrated in Fig. 7 . DASH clients were configured based on VLC DASH plug-in [9] . The DASH server was implemented based on the DASH-JS library [9] . Bandwidth on the link to client network was limited to 10 Mb/s. All tests assumed transmission data streams for 4 minutes. DASH 1 has been receiving video data during the whole test period. The DASH 2 began receiving after 60 second and finally, the DASH 3 after 120 seconds. during the tests, were chosen based on the analysis of data contained in [6, 14] . They correspond to the parameters currently used commercially by Adobe HTTP Dynamic
Streaming. In summary, to compare the T-P method with other solutions, separated tests were performed for three versions of the encoded video. These tests are listed below:
• testA-AVC -video sequences encoded based on the H.264/AVC with resolution 360p, 720p and 1080p, respectively.
• testSVC-Normal -video encoded based on JSVM with resolution 360p, 720p and 1080p, respectively.
The OP definition based on the standard method of elimination of subsequent layers.
• testSVC-T-P -as for the test "testSVC-Normal". and thus the lowest quality of the received video.
For all of the tests, the highest minimum value of the PSNR metric was obtained for transmission of SVC video streams developed using the proposed T-P method.
Conclusions
The 
